8l-S0:(ss-uiui) NOIlVWld . ZSC0/S8Z0Z:aiS9 « 00C8C4Z:SINa . /Z/e-dUXda-01d3n:tlAS . [auiii pjepuejs uistseg] Wd OSWC gO0Z/SSl IV QAOH . 8UZ 39Vd 



3 EP 1 05< 

nal with its early version on an alternative fre- 
quency: 

Fig. 4 shows the correlation result ol two probes of 

the signal transmitter on an alternative fre- 
quency with a reference signal generated 
within the receiver; 
Fig. S explains the maximum delay of an alternative 
Irequency in respect to a currently toned fre- 
quency for the checking of the alternative fre- 
quency. 

Fig. e explains the maximum delay of an alternative 
frequency in respect to a currently tuned fre- 
quency for the checking of the alternative fre- 
quency in case the gap part is used as syn- 
chronization symbol; 

Fig. 7 explains the maximum delay tor a seamless 
switching from a currently tuned Irequency to 
an alternative frequency; 

Fig. 8 depicts a flow chart tor an alternative frequen- 
cy switchingina receiver adapted to the meth- 
od and for the radio transmission signal ac- 
cording to trie invention; and 

Fig. 9 is a block diagram of a receiver with features 
according to the invention. 

[001 S) A digital transmission system embodying the 
invention should have a frame structure as shown in Fig. 
1 . The signal in the air generally consists of two parts. 

i e 

a dynamic data-channel (DD) like an audio-channel 
with interleaving in time, but not repeated, and 
a quasi-static data-channel (SD), e. g. comprising 
the information about the respective service, i. e. 
multiplex location, program type, alternative fre- 
quency list, transmitter ID and as the case may be 
additional service information. 

[0016] Additionally, a gap can be located within a 
frame, as also shown in Fig. 1, which could have a var- 
iable length depending on the transmission frequency 
and theretore on the possible delay between the alter- 
native frequencies. For OFDM stystems the variable 
lenght ot the gap might be realized by reducing the total 
amount ot carries. This gap can either be empty or in- 
formation transmitted within the quasi-static data-chan- 
nel can be shifted to the gap. 

[0017] The quasi-static data-channel and/or the gap 
might comprise a guardinterval. 

[001 S] According to the present invention, the respec- 
tive dynamic parts of the dynamic data-channel com- 
prise status information for the respective correspond- 
ing quasi-slatic data parts of the quasi-static data-chan- 
nel or the quasi-static data-channel and the gap. This 
status information might show the frame number ot the 
following frame in which the quasi-static data part and 
if applicable the gap part comprise the identical symbols 
as the quasi-static data part and if applicable the gap 
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part of the frame comprising the status inlormalion. In 
an advantageous embodiment the dynamic data-chan- 
nel carries also a frame counter in every dynamic data 
part indicating the respeciive frame number, 
s [0019] For the following description the assumption is 
made that a frame consists of a gap part GAP. a quasi- 
static data part SD comprising one symbol and a dy- 
namic data part DD" as shown in Fig. 1 Of cource. the 
order of SD and GAP can be changed. Furtfieron. the 
ro status information should be valid for the symbols in- 
cluded within the static dala part and within the gap part. 
Both, the gap part and the quasi-static data part com- 
prise a guardinterval. 

[0020] The quasi-static data part should preferably 
> s satisfy the following rules: 

The quasi-slatic data should be in general identical 
and unique lor all services, reference carriers are 
allowed, 

20 - data included in the gap should be in general iden- 
tical and unique for all services, 

the quasi-static data provides a frequency synchro- 
nization possibility that must not necessarily be a 
phase reference symbol like transmitted in DAB. 
2S - the frame counter and status information have lobe 
outside the static data part and gap part. 

[0021] As mentioned above, the repetitive part of the 
signal is the GAP and SD. On all frequencies of the 
30 same service the GAP and the SD are in general the 
same and unique for this service, i. e. no other service 
has the same GAP and SD. This might be supported by 
a specific scrambling of data. 

[0022] During the time the repetitive part at the current 
35 frequency occurs, i. e. the status information lor GAP 
and SD ot an earlier frame indicated that the GAP and 
SD of the current frame has already been transmitted at 
least once, the receiver can check an alternative fre- 
quency. In the present case at least one set of samples, 
40 e. g. one spot ol several samples, is laken from the al- 
ternative frequency as a signal probe and will be corre- 
lated with a reference signal within the receiver to gather 
some information about the alternative frequency. This 
reference signal might be simply a copy ol a previously 
4S received GAP and SD in the time domain or can also be 
a rebuilt signal that is gathered from the inlormation ot 
one or more previously received GAPS and SDs. 
[0023] On basis ot the correlation peak(s) the receiver 
can decide if the alternative frequency comprises the 
so same service and in addition the time synchronization 
can be calculated. 11 two spots of several samples are 
correlated, additionally a frequency synchroni2ation. i. 
e. an estimation ot Af in-beetween the cu rrent Irequency 
or nominal frequency and the alternative frequency can 
ss also be calculated. 

[0024] At the next repetitive part the receiver is then 
able to switch to the alternative frequency before the 
SD-symboi occurs on the alternative Irequency to use 
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the - known - SD symbol as a phase reference for co- 
herent demodulation, because all carriers are known 
when switching to the alternative Irequency. 
[0025] In connection with Fig. 2 the checking ol an al- 
ternative frequency and Ihe switching thereto is de- 
scribed with a delayed alternative frequency. During the 
GAP and SD of a frame transmitted on the current Ire- 
quency three sets of samples of the signal transmitted 
on the alternative frequency are taken as signal probe. 
Since two of those sets are taken from the signal carry- 
ing the GAP and SD of the corresponding frame trans- 
mitted on the alternative frequency the receiver can val- 
idly delect if the signal transmitted on the alternative fre- 
quency is the same as the currently received signal, and 
can validly perform a time and frequency synchroniza- 
tion to the alternative frequency. It it is decided within 
the receiver that the alternative Irequency has a better 
signal qualiiy than the current Irequency the receiver is 
switched to the alternative frequency in the following 
frame, like it is shown in Fig. 2, before the static data 
part of the lollowing frame is transmitted on the alterna- 
tive frequency.' Therefore, the known symbol transmit- 
ted as stalic data part on the alternative frequency can 
serve as a phase reference tor the coherent demodula- 
tion of the AF-signal, i. e. the signal received on the al- 
ternative frequency. Such a fast seamless switching can 
be performed, since the receiver already has the infor- 
mation for time and frequency synchronization to the al- 
ternative frequency and only needs a phase reference. 
[0026] Fig. 3 shows the same scenario in case the al- 
ternative frequency transmits a frame earlier than the 
corresponding frame on the current frequency. Also in 
this case the switching to Ihe alternative frequency is 
performed before the SD-symbol occurs on the alterna- 
tive frequency. 

[0O27] Fig. 4 shows the respective correlation of two 
sets ol samples with the reference signal stored within 
the receiver. It can clearly be seen that one correlation 
peak occurs in each of the correlation signals. 
[0028] In case the AF-signal is the same as the refer- 
ence signal which is based on the currently received sig- 
nal, a correlation peak occurs. Since the correlation 
peakoccurs onty if the AF-signal is the same as the cur- 
rently received signal it can be used for the decision it 
the AF-signal is thB same as Ihe currently received sig- 
nal or not. In the shown case one correlation peak is 
included within each ot the correlation signals, therefore 
the signals ol both sets of samples are included within 
the reference signal. 

[0029] To provide a seamless switching from the cur- 
rent Irequency to the alternative frequency, a fast syn- 
chronization of the receiver to the AF is required. There- 
fore, information for time and frequency synchronization 
that was gathered before the switching can now bo used 
as explained above. 

[0030] The information lor the time synchronization is 
received by an evaluation ol the position of the correla- 
tion peak or peaks. The position of a correlation peak 
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shows Bxactly the time difference At between the cur- 
rently received signal and 1he AF-signal as it is shown 
in Fig. 2. Therelore. the receiver is able to perform a 
quick time synchronization on basis of this time difler- 
s ence. 

[0031] For calculating the information for the Irequen- 
cy synchronization at least two correlation peaks are re- 
quired. Additional correlation peaks are determined in 
time by the first correlation peak and the probe offset. 

io The frequency synchronization information is thBn gath- 
ered by an evaluation of the phase difference between 
the two correlation peaks Under the assumption of an 
ideal channel a phase difference between both correla- 
tion peaks can only be caused by a lime or frequency 

is error. Due to Ihe high accuracy of the sampling clock of 
the transmitter and receiver the time error is neglectible. 
Therefore, the phase difference results basically from a 
frequency offset. The frequency offset AI between the 
currently received signal and the AF-signal can then be 

so calculated from the lolowing equation: 

•Ppeaki " fpea^ = "onset - I = 2 - ti ■ At - t p^.^z 

Af = ( VpeaR1 - 9peak2> / (2 • f • 'poakl-peakz) 

wherein and^^g^are the phases of thetwocor- 

relation peaks, and t ptiakl . peak2 is the time difference be- 
30 tween both correlation peaks. 

[0032] The maximum frequency offset that can be de- 
lected is depending on the time difference tp. ak1 . poak2 
and is calculated to: 

A ' max = ± 05 • Pp..kl.pe.k2 >'' 

[0033] The smaller the time difference tp^akt -peak2 l>ie 
higher the range of the detecable Irequency offset, but 
40 the toTtgerthetimeditferencetp eak1 . peaW themoreexact 
the frequency estimation. Therefore, preferrably three 
signal probes of the AF-signal are used for the frequen- 
cy synchronization 

[0034] The correlation ot the reference signal and the 
4S at least one set ol samples ot the AF-signal is performed 
in the time domain. As mentioned above, the reference 
signal can either be the time domain signal ol the GAP 
and SD ot an earlier frame carrying the same symbols 
as the frame within ihe testing is performed or can be 
so re-calculated in the receiver on basis of the information 
of one or more previous GAPs and SDs. 
[0035] With the help of Fig. 5 in the following the max- 
imum delay of an alternative frequency to the current 
frequency or of the current frequency to an alternative 
ss frequency for the AF-check is illucidated. Fig. 5 shows 
that Ihe length ot Ihe GAP including the guardinterval is 
T GAP . the length of the static data part including the 
guardinterval is T s and the time in which one setot sam- 
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pies is transmitted is T coff . In the shown example the 
gap length is constant tor all frequencies. Since the 
checking ol an alternative frequency l which is delayed 
in respect to the current frequency and of an alternative 
frequency 2 which is earlier than the current frequency 
has to be performed within the GAP and SD transmitted 
within the frame of the current frequency and the GAP 
and SD of the same irame transmitted on the respective 
alternative frequency the maximum delay Toeheck.max 09 
an AF to the current frequency or ol the current frequen- 
cy to an AF is defined by the following formula: 



Deheckjnax 



= ±(T« 



-2 T, 



2 • Tpu.] 



where T PU _ is the switching time of the PLL from one 
Irequency to another. 

[0036] For an easier synchronization the GAP could 
be a sync-symbol which is equal on all transmissions 
(alt broadcasters and services have the same GAP). 
Therefore, at least one set of samples has to be from 
the static data pan to validate the same service. As 
shown in Fig. 6 which directly corresponds to Fig. 5. this 
causes a shorter maximum delay for the AF-check, i.e.: 



T Deheck.max - < T GAP ' T PLL " T corr^ 



[0037] Seamless AF-switching is only possible if a 
phase reference lor the coherent demodulation is avait- 
aDle. Preferably the SD can be used as phase refer- 
ence, because all carriers are known when switching to 
the alternative frequency. In this case the maximum de- 
lay for the switching is shorter than the maximum delay 
(or checking. Fig. 7 directly corresponds to Figs. 5 and 
6 and shows that ihe switching from the current frequen- 
cy to an alternative frequency should be performed at 
least during the guardinterval of the static data pan 
transmitted on the alternative frequency. The maximum 
delay T^,,.,, ^ for AF-switching is calculated accord- 
ing lo the following formula: 



T D=witeti.max = T GAP " T PLL 



where aT s is the length of ihe guard interval of the static 
data part. 

[0038] Fig. 8 that consists o1 Fig. 8a and Fig. 8b which 
fit together at connection pointsG)and©shows a flow 
chart describing the AF-switching procedure. The re- 
ceiver is currently tuned to a frequency F1 and has el- 
ready got the information about the alternative frequen- 
cy F2, e. g. received in the previous SD and GAP. The 
flow chart depicts two alternative methods A and B to 
generate the reference signal SREF 

S REF = time-mux { A GAP . GAP, A so , SDJ 



wherein Ag AP is the guardinterval of the gap. A SD is the 
guardinterval of the static data part and lime-mux indi- 
cates that the following signal parts are transmitted in 
tirtie-multiplex. 

s [0039] In a first step S1 the signal transmitted on the 
frequency Fl is received and the information about an 
alternative frequency F2, e. g. gathered from a previous 
SD and GAP. is stored. Thereafter, in a step S2 it is de- 
cided whether method A or method B is performed to 
to generate the reference signal S REF . 

[0040] In case method A is performed step S3 is car- 
ried out in which the received |Ag AP . GAP. As D , SD] is 
stored as reference signal S RE f in ,ne ,imo d o main as 
real or complex signal. Thereafter, it is checked in step 
is S4 whether the next transmitted SD and GAP is the 
same as before on basis of the reference signal S REF . 
[0041] The decision whether the next SD and GAP is 
checked in step S4 depends on the indicator included 
in the dynamic data part, since this indicator indicates 
so which of the following frames transmits the same SD 
and GAP as the frame which served as a basis lor gen- 
eration of the reterancfi signal Sp,£p. 
[0042] If the next GAP and SD is not the same as the 
one on basis of which the reference signal S REF is gen- 
25 erated step S2 is again performed. If. on the other hand, 
it is decided that the next GAP and SD corresponds to 
the GAP and SD on basis of which the reterence signal 
SREF is generated the receiver waits in step S5 for the 
next GAP. since this is transmitted before the SD in this 
30 embodiment of Ihe present Invention. Thereafter, when 
the beginning of the next GAP is received, the phase 
locked loop (PLL) of the receiver is sel to the frequency 
F2 in step S6 and a signal probe and the reception qual- 
ity is gained out of the new signal F2 in step S7 before 
35 the phase locked loop is again set to the frequency F1 
in step S8. 

[0043] During the follwing reception of the signal 
transmitted on the frequency Ft the receiver performs 
a correlation of the sets of samples, i e. the probe, with 
■« the reference signal S REF in step S9 to decide whether 
the reference signal and the probe belong to the same 
service or not in step S1 0. If this is not the case step S2 
is again performed, otherwise, i. e. if the reference signal 
and the probe belong to the same service, the informa- 
-«s tion for time and frequency synchronization to the new 
Irequency F2, namely the time and the frequency devi- 
ations At and Af is calculated in step Sit and stored in 
step Si 2. Instep S13itis decided whether Ihe frequen- 
cy F2 has a better signal quality than the frequency F1 . 
so h this is not the case step S2 is again performed, tf this 
is the case the best switching point is calculated in step 

514 before the phase locked loop of the receiver is set 
lo the frequency F2 at this best switching point in step 

515 and the quasi-static data part SD transmitted on the 
SS Irequency F2 is used as phase reference for the coher- 
ent demodulation in step S16. 

[0044] If it is decided in step S2 thai the method B 
should be performed instead ol method A steps S17 to 
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S23 ate carried out instead ot steps S3 to SB. 
[0045] Therefore, in step S 1 7 the decoded GAP and 
SD is stored belore it is decided in step SI 8 whether the 
next GAP and SD corresponds to the stored ones in step 
S18 This step S18 directly corresponds to step S4 and 
therefore depending on the indicator within the dynamrc 
data part also another corresponding GAP and SD could 
be checked. It no corresponding GAP and SD exists 
again step S2 is performed (the same situation as in 
connection with step Si). It, on the other hand, the GAP 
and SD which has been stored in step S1 7 will be trans- 
mitted again then { W GAP. 6^. SD} will be rebu.ld 
in the Hme domain and stored as reference s.gnal S nEF 
in steD Si 9 Thereafter, the receiver waits for the next 
GAP in step S20 (corresponding to step S5). sets then 
the PLL to the frequency F2 in step S21 (corresponding 
to step S6), gets several sets ot samples and the recep- 
tion quality out ol the new signal received on the fre- 
quency F2 in step S22 (corresponding to step S7) and 
seis (he PLL to the frequency F1 in step. S23 (corre- 
S po.rJ.ng to step 58) belore again proceeding with step 
59 

[0046] The typical hardware structure of a digital re- 
ce.ver adapted to perform the method according to the 
invention is shown in Fig. 9. The transmission s.gnal. in 
particular a Digital Radio Mondial signal, is received by 
an antenna 1 and after amplification passes a selective 
pre-stage 2 and is supplied to a first input of a mixer 3 
that receives as a second input thereof af requency con- 
trol signal supplied by a control unit 4. Following an IF 
filter stage 5. the resulting signal is supplied to one .nput 
ot a mixer 6 supplied at its other input thereof a frequen- 
cy control signal trom the control unit 4. The result.ng 
signal is again filtered in IF filter 7 before its level is ad- 
justed in an automatic gain control (AGC) circuit B and 
AD/conversion in an A/D-converter 9 The automate 
gain control circuit 8 also receives a control signal from 
the control unit 4. The digital signal supplied from the A/ 
D-converter 9 undergoes an Id-generation in an IQ- 
aenerator i0 before a FFT is performed in an equalizer 
1 1 and the resulting signal is demodulated by a demod- 
ulator 12 and the channels get decoded by a channel 
decoder 1 3 The decoded channel s are then input to an 
audio decoder 14 which outputs a digital aud>o signal 
that gets converted by a D/A-converter 1 5 and to a data 
decode. 16 which outputs digital data. The control unit 
4 turiher receives the amplitude corrected and digitized 
output signal ol the A/D-converter 9 either d.rect or as 
IQ-signals from the IQ-generalor 10. To be able to re- 
build the reference signal S REF the output signal from 
the channel decoder 13 is also fed through a channel 
coder 17 a modulator 18 and an IFFT circuit 19 wh.ch 
performs an Inverse Fast Fourier Transformation belore 
being input to the control unit 4. 

[0047] II a buffer tor the received signal is additionally 
•provided within the receiver a switching without loos.ng 
any information. ! e. a seamless switching, is possible 
in any situation and not restricted to the maximum delay 



times calculated above 

[0048] It the quasi-static data has a higher volume 
than to be transmitted within one Irame the GAPs and 
SDs of several frames can be used lor the transmission 
s in this case the indicator within the dynamic data part 
indicates the transmission cycles of the same data or 
the next frame in which the same data is again transmit- 
ted This could be done in relation to the Irame counter. 
Also, in this case the receiver has to store all possible 
io GAPs and/or SDs. 

[0049] The gap length can preferably be variable by 
decreasing or increasing the carriers in the gap. As pref- 
erably the AF-list will be transmitted in the gap which 
includes the frequency, the transmitter ID and geo- 
<s graphical data, this intormation can be used for hyper- 
bolic navigation if at least three alternative frequencies 
can be received in a present receiver position. 
[0050] Since the gap and/or quasi-static data should 
be in general identical and unique for all services the 
20 data included theiein can be scrambled in order to gel 
uniqueness, if necessary. 
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1. Radio transmission signal consisting ol signal 
frames that comprise a dynamic data part (DD)and 
a quasi-static data part (SD). characterized In that 

the dynamic data part (DD) ot a respective 
30 frame contains an indicator (Status) showing in 

which following Irame the quasi-static data part 
(SD) of this respective frame will be repeated 

2. Radio transmission signal according to claim 1 . 
35 characterized by a gap part (GAP) in each frame 

which length mig ht depend on the transmission fre- 
quency or the possible delay (At) between the re- 
ceivable alternative frequencies and which can also 
comprise quasi-static data which will be repeated 
40 according to said indicator (Status). 

3. Radio transmission signal according to claim 1 or 
2, characterized by relerence carriers within the 
static data pan (SD) 



45 



4. Radio transmission signal according to claim 1 . 2 or 
3, characterized by a respective guard interval be- 
fore at least one ol the parts of the radio transmis- 
sion signal 

5 Radio transmission signal according to anyone of 
claims 1 to 4. characterized by a frame counter 
within the dynamic data part. 

6 Radio transmission signal according to anyone of 
claims t to 5. char»eterix«<» in that it is a digital 
short-, medium- oi longwave signal 
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7 Method toperform a seamless switching of a receiv- 
' e r lor radio transmission signals accords to any- 
one ol claims 1 to 6 from a first currently tuned fre- 
quency lo a second alternative Irequency. charac- ^ 
terized by the following step. 

receiving at least one set of samples from a 
respective signal transmitted on at least one second 
fequtcy during a lime perfrde during «- 
indicate/assures that it is secure 
nas been transmitted at least once » transmitted as 
signal on said first frequency. 

8 Method according to claim 7, characterized by the 

^Sng a correction of a reference signal 
stored within the receiver with one of sa.d at least 
one set ot samples from the respective s,gnal trans- 
mitted on said at least one second frequency to 
checkwhetherthesignanransminedontnerespec- 

,„e both frequencies is the same signal on basis of 
the correlation signal. 

9 Method according to claim 8. characterized In that 
a respective time difference (At) between the signal 
.emitted on the first and respective second e- 
quencies is calculated on basis of the correlation 
signal. 



the newly received signal comprising data already 
known to the receive, can be used as phase Ter- 
ence for the demodulation ot the signal transmitted 
on the second frequency. 

14. Method accord,ng to anycxie of claims? to^char- 
acterlzed in that a switching to one of sa»d at least 
one second frequency is performed in case said 
one of said at least one second Irequency has he 
best reception quality ot the signals received on the 
first and respective second Irequencies 



10 Method according to anyone of claims 7 to 9. char- ^ 
acterlzed by the following step: 

performing a respective correlation ot a refer- 
ence signal stored within the receiver wrth each of 
a, least two sets of said at least one set of samples 
from the respective signal 1ransm * ,e <™ 
least one second Irequency to calculate the ire 
quency offset (Al) ot the respective second irequen- 
cy m respect to the first frequency on basis ot the 
correlation signals. 

1 1 . Method according lo anyone of claims B to 10 char- 
acterized in that said reference signal * a copy of 
the signal received on the first frequency tor which 
the indicator shows in which tpHowing frame rt w.ll 
he repeated. 

12. Method according to anyone ot claims 6 to ^char- 
acterized in that said reference s.gnal is a signal 
which is rebuild in the time domain on basis ol the 
informal carried by the signal received on the 
tirst frequency for which the indicator shows in 
which following frame it will be repeated. 

1 3. Method according to anyone of claims 7 to 1 2. char- 
acterized by the following step: 

switch to ono of said at least one second fre- 
quency at a point of time at which it is secure that 
only data that has been transmitted once w.ll be re- 
ceived on tho second frequency so that a symbol of 



15. Receiver that is adapted to switch from a first cur- 
rently tuned frequency to a second alternate fre- 
quency, characterized by 

- a memory lo store a part ot the received signal 
of the first frequency or a signal rebuild on basis 
ot the information ol a part of the received sig- 
nal of the first irequency with a rebuild section 
as reference signal, and 

- a correlator to perform a correlation of the ret- 
erence signal with at least one probe ot a s.gnal 
received on said second Irequency to 

- decide whether the same service is trans- 
mitted on both Irequencies, and/or 

- calculate th e time offset (At) in-between the 
signals transmitted on both frequences, 
and/or . 

- calculate the frequency offset (At) m-oe- 
tween both frequencies. 

16. Receiver according to claim 15. characterized in 
that said rebuild section comprises: 

. a channel coder (17) receiving the information 

of a recieved signal. 
. a modulator (18) reveiving the output signal of 

the channel coder (17); and 
. an , FFT circuit (19) receiving the output signal 
of the modulator (18) to rebuild the transmis- 
sion signal ot the modulated information ot the 
received signal. 

17 Receiver according to claim 15 or 16, eharacter- 
' lzed in that said memory is located within a control 
unit (4). 

so 18. Reciver according to anyone of claims 15 to IB 
characterized in that it is adapted to perform the 
method defined in anyone ol claims 7 to 14. 

19 Reciver according to anyone of claims 15 to 19. 
ss ' characterized In that it is adapted for for analog or 
digital Shon-. medium- and/or longwave signals. 
DAB. DVB-T. ADR and/or FM signals. 
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